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PURCHASED POWER IN COAL MINES

BY H. C. EDDY

The ideal corporation may be defined as a cooperating aggre-
gation of individuals of specialized ability.
The practical application of this idea has produced industrial

companies whose activities frequently become so extensive and
so diversified as to make it desirable to separate them into com-
ponent parts, each exercising those functions which it is especially
fitted to perform. Thus we find the huge industrial organiza-
tions of today made up of a number of departments, each
complete in itself and each virtually a corporation, in the sense of
the definition given above.

This division and segregation of corporate activities is practic-
able only in comparatively few instances, as the cost of thoroughly
competent heads of departments becomes too great a burden
for the companies of less than extraordinary size to carry. In
the majority of cases it becomes good business policy to carry
out this division of effort by depending upon outside agencies,
whose sole function is to supply, in the most economical way,
some certain requirement.
Thus the function of the public utility companies becomes

that of supplying transportation, the facilities for the trans-
mission of intelligence and the distribution of electricity, water
and gas, each a highly specialized branch of service calling for
the expenditure of much capital, technical knowledge and broad-
gage thought, to reach the fullest possible development.

There is then a sound fundamental basis for the existence of an
organization whose sole business is to make and sell power in
both large and small quantities.
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However sound the abstract theory of the central station as
a power merchant may be, its continued existence depends upon
its ability, in practise, to supply power on a basis which shall
be reasonably profitable to both parties concerned in the trans-
action.
An analysis of the conditions of use of power in the bituminous

coal mines in Pennsylvania and Ohio discloses certain general
facts which are decidedly favorable to the purchase of power,
when available, as compared with the operation of independent
plants.
There are but few mines in these fields that operate more than

sixteen hours per day, and many that run but a single shift.
The double shift basis of operation is, however, sufficiently
common to be considered typical. The load curve of such a
mine shows that approximately two-thirds of the total kilowatt
hours per day of twenty-four hours, is used between 7 A. M. and
4 P. M., the remaining one-third being used between 6:30 P. M.
and 1 A. M. During the day run the demand is quite variable,
fluctuating between wide limits for short periods. The widely
different conditions existing in the individual mines makes it
practically impossible to give accurate values to the various
elements of load. In one mine the grades may be in favor of the
loads to be7hauled by the locomotives, while in another case the
reverse may be true, tipples may be above or below the level of
the mine opening, fan operation may be required continuously
at a high rate of air discharge or the reverse. Notwithstanding
all these variables, the general characteristics of the total load
are quite uniform in being removed from the central station
peak.
The application of alternating-current motors to mine equip-

ment is not general, practically all mines operated by electric
power using direct current at either 250 or 550 volts. This
necessitates the use of either synchronous converters or motor-
generator sets when power is purchased. When the latter are
used it is the general practise to specify synchronous motors,
on account of the somewhat better efficiency to be obtained, as
compared with induction motors, and also for the improvement
of power factor.
The advantages to the central station which justify low prices

for mine power, may therefore be summed up as follows:
The considerable amount of power used.
The " off-peak " load.
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The extensive application of synchronous motors, tending to
raise the plant power factor, with the attendant advantages.
From the standpoint of the mine operator the advantages of

purchased power are more numerous.
The most important consideration is that of cost. It is obvious

that in this presentation of the subject, no comparisons of actual
figures can be made, but it lies within the province of the writer
to indicate the essential reasons for a relatively high cost of opera-
tion of independent mine power plants.
The controlling element lies in the load factor, which may be

defined as the ratio of average use of the equipment required
to meet the maximum load conditions.
The daily load factor is much higher than the monthly ratio,

due to the fact that during the month the average number
of working days ranges from 15 to 20, due to car shortage, market
conditions and temporary labor difficulties. The annual load
factor is even lower, due to the same general conditions, but upon
a more extended basis.
The result of this condition is that the investment in power

plant and equipment is idle for much of the time, and as interest,
depreciation and taxes are continuous charges, the result is that
the actual output of the plant carries a very high fixed charge
per kilowatt hour.

This condition does not exist when power is purchased, except
in so far as it applies to the current transforming apparatus. The
cost of equipment per kilowatt of capacity being much lower
than the cost of complete plant equipment, there is a substantial
saving to be effected in this item of power costs.
The actual manufacturing cost, exclusive of overhead charges,

under conditions of widely varying load and intermittent use of
generating equipment, becomes much higher than would be
found with exactly the same apparatus working more continu-
ously.
The individual mine plant is usually located at the least favor-

able point, considered electrically, i. e., at the mouth of the mine.
As the mine is developed the electrical center of the load recedes
from the plant location and the losses in the distributing system
constantly increase. The extent to which it is advisable to in-
crease the investment in copper to minimize voltage losses can
be determined only by a careful survey of the conditions applying
to each particular installation.

Aside from the actual copper loss, the low voltage obtainable
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at the point of delivery of current brings in its wake a high
maintenance cost for motors on locomotives and coal cutters,
chiefly in the form of armature and commutator repairs. These
troubles are directly traceable to the abnormal volume of current
required by reason of the less than normal voltage. Aside from
this actual expense there is the loss of possible output due to
reduced capacity of motors brought about by the unfavorable
conditions of current supply. This loss is far greater than the
actual cost of repairs and its magnitude is often unappreciated
by mine operators.

These conditions may be remedied to a great extent, if not
practically eliminated, where power is purchased, by placing
converters or motor-generators so that the mine distributing
system may be fed at several points, thus materially reducing
line losses, equalizing line voltage, and bringing it up to the
normal working voltage of the motors in use. As the mine is
developed and new conditions arise with respect to the distribut-
ing system, the location of the conversion equipment may readily
be changed. This flexibility is impossible with a complete steam
plant.

In any successful concern the growth of its operations is
ordinarily greater than originally expected. The coal mining
industry is no exception to this general rule, and operators are
periodically faced with the proposition of extending and enlarg-
ing individual plants to meet the greater demands for output.
Usually this problem is solved by adding boilers, engines and
generators, with a resulting greater investment of capital than
would be required by the addition of a motor generator set. The
capital invested in plant equipment in excess of the cost of
motor generators would earn much more per year, if put into
strictly mining machinery.
The operators of mine plants are ordinarily handicapped by

the character of labor available for power plant operation. In
some cases mines are so located with regard to living conditions
that really skillful engineers may be obtained and kept. In more
instances, however, the conditions of work and locality of the
mines do not prove attractive to the best men except as a
temporary expedient. It is more often than not, a case of a more
or less regular procession of engineers through the cycle of being
hired, endured and " fired." As a natural result the average
mine plant receives less than an ordinary amount of skilled atten-
tion, when, by reason of the severe conditions under which it
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operates, it should receive more. Under such circumstances it
is to be expected that the cost of maintenance and repair will be
high. Aside from labor conditions the item of boiler repairs and
replacement is usually excessive on account of the bad water
conditions that are so commonly found in the coal districts.
Where power is purchased, the care required by conversion

apparatus does not call for an expert man in constant attendance.
The ordinary daily care required may be furnished by the neces-
sary switchboard operator. In some cases this duty can be safely
assumed by the repair shop men, thus eliminating entirely any
cost for attendance.

It is obvious that the employers liability hazard, so far as power
supply is concerned is greatly reduced when power is purchased
than when a steam plant is operated.
The tendency of labor and other costs entering into the pro-

duction of power is upward. This can only be met and compen-
sated for in the case of the central station through the use of
generating equipment of the very highest economy, by the secur-
ing of business of a diversified character of use, enabling the
operation of the plant under good load conditions each hour of
the twenty-four, and through quantity production. These
safeguards against increasing power costs cannot be obtained
by the indivi(dual plant operator except through the protection
afforded by a long term contract with a substantial and respon-
sible central station organization.
The advantages gained by the mine operator by the purchase

of power are direct and may be summed up as follows:
Reduction of fixed charges on investment.
Reduction of actual operating costs due to the fact that only

power used is paid for, without stand-by charges due to inter-
mittent operation, and by reason of the higher efficiency of
electrical apparatus at any load, as compared with steam generat-
ing equipment of the character available for mine work.

Material reduction of distribution losses.
A considerable increase in the output of mining machines and

locomotives due to maintenance of speed through normal voltage.
Flexibility of location of motor-generators, enabling them to

be placed at points giving the best operating results, and to be
readily and cheaply moved as conditions change.

Reduction of labor costs for attendance.
Elimination of high maintenance, repair and replacement

costs for boilers, piping and engines.
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Reduction of cost of superintendence, enabling the mine super-
intendent to devote his entire attention to securing output.

Reduction of liability.
Insurance against constantly increasing power costs, through

term contracts at fixed rates.
Additional coal available for sale.


